Objective: To investigate the association between individual and area-level socioeconomic status and hypertension risk among individuals later in life.
INTRODUCTION
H ypertension is a key determinant of morbidity and mortality in the United States population at both mid-life and older ages [1] . The risk of developing hypertension over the remaining lifetime of nonhypertensive adults aged 55 and 65 years is between 70 and 90% [2] . Moreover, the economic burden of hypertension, and the suboptimal effects on cardiovascular outcomes, such as stroke and heart failure, represents a major public health problem [1] . The risk of hypertension among this rapidly growing aging population is an increasingly important issue, given that by the year 2030 nearly 20% of the United States population will be of age 65 years or older [3] and the prevalence of hypertension at this age is high (63.6% using the older high-blood pressure guidelines and 75.6% using the new guidelines) [4] . Thus, there is a need to identify what factors contribute to the onset of hypertension in late life.
Socioeconomic status (SES) has been well established as a predictor of hypertension [5, 6] . SES affects health throughout the lifespan [6] ; however, its impact among older adults may be dependent on whether multiple dimensions of SES are examined. Findings in the National Health Interview Survey and National Health and Nutrition Examination Survey show that health disparities by individual income or education are not as strongly related to poorer health at older age compared with younger age [7, 8] . Yet, other research has shown that higher income and net worth are associated with better health outcomes in older age [9] . Therefore, several different dimensions of SES may be relevant to the development of hypertension in late life. In addition, prospective analyses of SES and hypertension risk among individuals in late life are limited [10] . Much of the literature has examined how SES influences hypertension risk and onset at midlife [11] [12] [13] , yet documented associations of SES and hypertension may not accurately represent similar patterns among older populations. Furthermore, factors such as retirement, death of a spouse, and deteriorating health can adversely affect the SES of aging adults [14] . Thus, the association between multiple SES dimensions and hypertension in late life could provide evidence for whether the effects of SES are relevant at older age and even among those who have yet to develop hypertension.
In an effort to examine these issues, we used data from the Atherosclerosis Risk in Communities Study (ARIC) to prospectively examine whether SES, both neighborhoodlevel and individual-level SES, is associated with greater incidence of hypertension in late life. We hypothesized that higher levels of neighborhood and individual SES will be associated with a lower incidence of hypertension in late life. We also hypothesized that, although absolute levels of hypertension risks differ by SES, the associations between neighborhood, individual SES, and hypertension incidence will be similar by age.
METHODS

Study population and design
The ARIC study is a population-based cohort study of 15 972 participants aged 45-64 years, recruited in 1987-1989 from four United States communities (Washington County, Maryland; Forsyth County, North Carolina; Jackson, Mississippi; Minneapolis, Minnesota). Participants at two of the study sites, Washington County and Minneapolis are nearly all white; whereas the Forsyth County and Jackson sites recruited 15 and 100% black participants, respectively. A detailed description of the study has been published previously [15] . Briefly, visits 1-4 were conducted 3 years apart beginning in 1987-1989 and visit 5 occurred 14 years after visit 4 from 2011 to 2013. Clinical, social, and demographic data were collected at each visit. Semi-annual follow-up telephone calls are ongoing to maintain contact and assess the health status of the cohort. The fourth visit (1996-1998) served as the baseline for the present analysis and includes 11 656 participants. We define age at least 65 years as late life (40% of visit 4 participants were in late life).
Participants with prevalent cases of hypertension at visit 4 (n ¼ 6507) were excluded from analysis. Further exclusions from our analytic sample included: missing exposure or covariate data (n ¼ 766); incident hypertension prior to visit 4 (doctor diagnosis, medication use, or elevated measured blood pressure), but not currently hypertensive (n ¼ 445); or not contributing follow-up time because of nonresponse or death (n ¼ 566; Table S1 , http://links.lww.com/HJH/A903). Prevalent cases of diagnosed hypertension were excluded and defined as elevated average of last two readings of measured blood pressure (SBP !140 mmHg or DBP !90 mmHg), self-reported antihypertensive medication use during the past 2 weeks, or selfreport based on recalling a physician diagnosis. The institutional review boards of participating institutions approved the ARIC study protocol, and study participants provided written informed consent.
Neighborhood and individual socioeconomic status
The exposures were neighborhood-level and individuallevel SES. As described previously, neighborhood SES (nSES) was defined using a summary score that sums six z-score indicators of area characteristics at the census-tract level, based on the geocoded address at visit 4 of each participant [11] . Briefly the six domains included: median household income; median housing value, percentage of households with interest or rental income; proportion of adults greater than 25 years with a high school education; proportion of adults greater than 25 years with a college education; and proportion of adults greater than 16 years with executive, managerial, or professional occupations. A higher summary score represents a less deprived neighborhood environment. Race-specific tertiles were calculated because we observed large differences in the distribution of nSES by race. Two domains of individual-level SES were measured: income and education. Individual-level household income was ascertained at visit 4 and categorized as less than $25 000, $25 000 to less than $50 000, and at least $50 000 in 1996-1998 ($50 000 in 1996 corresponds to $77 386 in 2017 based on a cumulative inflation of approximately 1.5-fold) [16] . Individual-level educational attainment was ascertained at visit 1 as education typically does not increase after midlife and was categorized as less than high school, high school graduate, and college or greater.
Incident hypertension
Incident hypertension was the primary outcome of this analysis. Measured blood pressure was assessed only at visit 4 and not during follow-up. Thus, we defined incident hypertension as self-reported diagnosis or reported use of antihypertensive medications occurring after baseline (visit 4). Incident hypertension was ascertained from the annual telephone questionnaires (semi-annual starting 2012) through December 31, 2013 (the last follow-up date available). Response rates averaged approximately greater than 80% for each telephone follow-up throughout the ARIC study. Participants were classified as incident cases if they reported the use of antihypertensive medications or physician diagnoses of hypertension. Similar to previous ARIC analyses [17, 18] , we considered the date the participant reported hypertension as the date of diagnosis. Participants who did not develop hypertension were administratively censored at the date of last telephone response.
Covariates
Age, sex, race, physical activity, smoking status, alcohol consumption, and BMI were based on self-reported data available at visit 4. Physical activity during leisure time (range 0-5; higher score indicates more activity) was assessed using the modified Baecke Physical Activity questionnaire [19] . Smoking status and alcohol consumption were characterized as current, former, or never. Standing
Statistical analysis
Baseline characteristics of the study population were examined as means for continuous variables and proportions for categorical variables by age. ANOVA was used to compare continuous variables and chi-square tests were used for categorical variables. Kaplan-Meier plots were created to show the cumulative hazard of incident hypertension by race-specific tertiles of nSES summary score. Differences across categories were evaluated by the log-rank test. Cox proportional hazards models were used to examine the association between neighborhood-level and individuallevel SES at baseline and incident hypertension. Previous analyses in the ARIC study have found that Cox proportional hazards results were similar to discrete proportional hazards results [11] . To account for within-census tract correlation, all models included clustering at census tract through robust standard errors estimation using a clustered sandwich estimator [20] .
There were large differences in the distribution of neighborhood SES by race. Furthermore, all black participants were sampled from two study sites: the Jackson and Forsyth sites. Therefore, we used race-specific neighborhood SES categories. Extant literature has established that age is a key predictor of blood pressure [21, 22] , thus we present multivariable results stratified by age categories, and tested the interaction between SES measures and age to assess for effect modification. Prior research has suggested that controlling for individual-level variables that determine neighborhood selection, such as education or income, results in the reduction of meaningful neighborhood variation [23, 24] . Therefore, separate multivariable models were constructed for neighborhood and individual SES measures. Sequential models were created to progressively adjust for variables more proximal to SES and incident hypertension. In the overall analyses, two models were evaluated: Model 1 adjusted for demographic factors (sex and age); Model 2 further adjusted for lifestyle factors (alcohol consumption, smoking, physical activity, BMI). In the age-stratified analysis, Model 1 was adjusted for sex and race; Model 2 further adjusted for lifestyle factors. We performed a test for trend across categories of neighbohood SES, individual income, and years of education, using the median values of each variable.
Supplemental analyses were conducted to address potential misclassification of hypertension, race-stratified multivariable analyses, competing risk of death, and the independent neighborhood effect. At baseline, selfreported hypertension was compared with measured blood pressure and checking medication bottles. Elevated measured blood pressure was classified as SBP greater than 140 mmHg or DBP greater than 90 mmHg. The sensitivity, specificity, and positive predictive value were assessed for all participants with blood pressure measurements, medication, and self-reported hypertension at visit 4. We conducted a competing risk analysis using the Fine and Gray competing-risks analysis [25] by simultaneously evaluating hazards for incident hypertension while accounting for death. As there were also large differences in individual income, we conducted analyses stratified by race and tested the interaction between SES measures and race. Additionally, we used multilevel Weibull survival models including a neighborhood-level random intercept to explore the independent effect of neighborhood SES, apart from individual SES by controlling for individual income and education [26] .
All statistical analyses were performed using Stata, version 14.0 (StataCorp LP, College Station, Texas, USA). Statistical significance was defined a priori as a two-sided P value less than 0.05.
RESULTS
Baseline characteristics
In our study population of 3372 participants, the mean age was 61 AE 5.5 years and 12% were black. Compared with whites, blacks were more likely to live in disadvantaged neighborhoods and have lower individual SES (Table 1) . Whites age at least 65 were more likely to be men, never drinkers, never or former smokers, and have lower BMI compared with whites age less than 65. Leisure index and smoking status did not differ among white participants. No significant difference was observed by sex, leisure index, drinking status, or smoking status among black participants. On average, the distribution of nSES (Fig. 1) shifted towards lower values among black participants than white participants. At baseline we examined the validity of the outcome, self-reported hypertension. Compared with hypertension based on blood pressure measurement or of checking medication bottles, self-reported hypertension has 72.9% sensitivity, 94.2% specificity, 75.6% negative predictive value, and 93.4% positive predictive value (Table S2 , http://links.lww.com/HJH/A903). Similar patterns were observed for specificity and sensitivity whenever comparing hypertension based on blood pressure measurement or of checking medication bottles to self-reported hypertension by individual-level and area-level SES (Tables  S3-S5 , http://links.lww.com/HJH/A903).
Overall associations between socioeconomic status and incident hypertension
Over a median follow-up time of 9.4 years, there were 1874 incident cases of hypertension (62.1 per 1000 personyears). The Kaplan-Meier survival curves according to race-specific nSES tertiles (Fig. 2) suggest that the cumulative incidence of hypertension in late life is high; after 10 years of follow-up, the cumulative incidence was approximately 45% among whites and 55% among the blacks who were free of hypertension at baseline. Overall, participants in the highest nSES tertile had a significantly lower cumulative incidence of hypertension than those in the intermediate or low nSES tertile groups (log-rank test, P ¼ <0.01). A similar relationship was seen among the white participants (P ¼ <0.01); however, the associations were not statistically significant among the smaller number of black participants (P ¼ 0.48). Incidence rates demonstrated a lower absolute risk of hypertension among those in higher SES (Table 2 ). In a Cox proportional hazards survival analysis, higher arealevel and individual-level SES categories were associated with lower risk of developing hypertension in late life for the overall sample in Model 1 and in the fully adjusted models (Model 2, Table 2 ).
Age-stratified associations between socioeconomic status and incident hypertension
Age-stratified results (Table 2 ) also demonstrated a decreased risk of incident hypertension in later life among those with higher SES. Among those age at least 65 years, high nSES compared with low nSES was inversely associated with incident hypertension, but nonsignificant in both Model 1 and Model 2. However, among those younger than age 65 years, high nSES as compared with low nSES was significantly associated with a 14% lower risk of incident hypertension even in the adjusted model. In both age groups, high vs. low individual-level income was significantly associated with a decreased risk of incident hypertension in late life (Model 1; P trend ¼ 0.003 and <0.001, 
Supplemental analyses
In race-stratified analysis, we observed that membership in high-SES categories was associated with a decreased relative risk of developing hypertension in late life at least for white participants (Table S6 , http://links.lww.com/HJH/A903). However, incidence rates of hypertension were substantially higher for blacks compared with whites. Differences in hazard ratios for nSES or individual-level income and education attainment in blacks were in the same direction as whites, but weaker and not statistically significant.
Interactions by race were not statistically significant. Associations were also similar in men and women (Table S7 , http://links.lww.com/HJH/A903). Competing risk analyses showed that inferences remained unchanged and were consistent with the traditional Cox models results, suggesting that mortality occurring during the study did not bias the results (Table S8 , http://links.lww.com/HJH/A903). In multilevel models, whenever area SES was adjusted for individual-level income and education, it did not carry additional statistically independent risk (Table S9 , http://links.lww.com/HJH/A903). Further adjustment for baseline SBP within the normotensive range did not materially change the results (not shown).
DISCUSSION
In the present population-based sample, our results suggest that higher area-level and individual-level SES indicators were associated with lower hypertension incidence in later life. The inclusion of clinical and behavioral factors attenuated these associations but did not fully explain them. Comparable with prior research, our findings suggest a gradient of hypertension risk across tertiles of area-level and individual-level SES [21, [27] [28] [29] extending the findings to those who have not developed hypertension by mid-life. Specifically, those in the most advantaged socioeconomic neighborhoods (high nSES), highest incomes, and highest À13.67 to À7.67).
e P value for trend evaluated using the category median for nSES, individual income, and year of education.
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Journal of Hypertension www.jhypertension.comeducational attainment had a lower incidence and absolute risk of hypertension compared with their less advantaged (intermediate and low nSES) counterparts at older age. Although contemporary research has focused on social and physical environment characteristics, which might be associated with hypertension, such as safety or cohesion [13, 27, 30] , relatively few prospective studies have been able to examine whether both area-level and individual-level SES gradients continue into late life. Prior studies report cross-sectional associations between poor neighborhood SES or characteristics and sub-optimal health outcomes among older adults [10, 27] ; prospective associations between neighborhood and individual-level SES disadvantage in midlife [11] ; and associations between limited measures of SES (most commonly individual income or education) and hypertension among older adults [31] . Although nSES is a more general measure of neighborhood context, our findings have extended the understanding of how multiple dimensions of SES are associated with hypertension in late-life. First, at least among this aging cohort and among whites, consistent results in both individuallevel as well as area-level measures of SES suggest the robust contribution of SES to hypertension incidence in late life. These findings are consistent with recent mortality trends among middle-age white adults, and underscore the importance of cumulative socioeconomic disadvantage and the development of chronic disease [32] . Second, we observed that the association between SES and incident hypertension was independent of traditional risk factors. Population-based interventions partnered with civic or senior organizations focused on the adoption of healthy behaviors can reduce the burden of high blood pressure [33] and may be tailored to those in disadvantaged SES groups in late life. In addition, optimizing hypertension treatment in disadvantaged SES groups at older age, whenever risk of complications is high, could be helpful.
A number of considerations are also relevant to understanding the independent effects of neighborhoods on hypertension. In our main analyses, we did not include neighborhood and individual SES in the same models to avoid over-adjustment. In sensitivity analyses, we found that whenever nSES was adjusted for individual-level SES, the association with incident hypertension at older age was mostly explained by the individual-level SES measures. Inclusion of individual-level SES could underestimate the nSES relationship with incident hypertension because individual SES may determine neighborhood selection and classification of neighborhood SES is subject to error [23, 24, 34] . Methodologically, this may limit the interpretation of 'independent' effects of neighborhoods on health outcomes [34] .
The survivor effects phenomenon might also be relevant to our findings of a gradient hypertension risk across tertiles of area-level and individual-level SES. Survivor effects occur whenever individuals who have a poorer SES profile and who have more biological risk may be more vulnerable to risk of disease or mortality at a younger age, whereas those with less risk and a better SES profile are more likely to survive or be disease free at old age -even among the poor [35, 36] . Individuals who have survived or are disease free may be more resilient or have adapted to their social position and environments than those who did not survive or are not disease free [37, 38] . Our findings suggest that even if survivor effects occur, those who are more resilient in the lower SES groups still suffer from a continued disadvantage for disease.
Several mechanisms may explain our findings of a SES gradient relating to health in late life. These relationships might be mediated by individual risk factors, psychosocial, or physiological processes. Individual risk factors for hypertension (e.g. obesity, smoking, physical inactivity, diet) are influenced by individual behaviors as well as the neighborhood environment, which may mediate the relationships between SES and hypertension in later life. Those living in disadvantaged neighborhoods may have limited access to social and economic resources, recreational facilities, and healthy foods [34, 39, 40] . which may directly or indirectly affect individuals' ability to engage in healthy behaviors. Poor SES among older adults may also reflect the cumulative history of low SES, cumulative exposure to adverse conditions associated with low SES, or a recent shift in SES because of retirement [9, 41] . Psychosocial or physiological processes, such as chronic inflammation and stress, which are known to have an adverse impact on hypertension and subsequent cardiovascular disease [42] [43] [44] . may also be additional pathways by which SES affects hypertension [45, 46] . We were unable to determine whether this occurred in our study and future inquiries should examine this more closely among older cohorts.
There are several limitations of this study to be considered in the interpretation of our results. The neighborhood SES measure was defined at the census tract level, which may not correspond to the actual geographic boundaries of a neighborhood as perceived by participants. In addition, both area-level and individual-level SES were assessed at mid-life and may not accurately capture SES changes over the life course. More specific neighborhood features, such as neighborhood cohesion or change in neighborhood characteristics over time, may be more relevant mechanisms that are associated with hypertension. We studied only four communities with most blacks coming from Jackson Mississippi limiting generalizability. Although we defined hypertension using the best data available, the imperfect sensitivity of self-reported hypertension could have biased the results. Diagnosis of hypertension could also be related to frequency of medical care and quality of blood pressure measurement which could vary by SES; however, we were unable to assess these factors. The exclusion of a large proportion of black participants because of prevalent hypertension at study baseline reduced the number of blacks susceptible to hypertension in late life and made our estimates for this group underpowered. Limited SES variability among the black participants could impact our ability to detect consistent results in this group. Finally, wealth measured as total value of assets rather than personal income may be a better indicator of personal SES in late life, as income declines considerably during retirement.
The current study has several strengths. It is a large multicenter, community-based prospective cohort study with more than a decade of follow-up and rigorous measurement of exposures and confounders, measurement of SES, clinical indicators, and risk factors. Furthermore, comprehensive data collection protocols afford the opportunity to assess SES on individual and neighborhood levels.
From a clinical viewpoint, the present findings suggest that incident hypertension is associated with an SES gradient among older adults who had not developed hypertension by mid-life even after adjustment for classic behavioral and lifestyle factors. An increased focus on determining the processes through which SES over the life course shapes the development of hypertension at older ages is critical to reducing disease burden. In addition, testing strategies to manage blood pressure using the new stricter blood pressure guidelines as the population ages has the potential to shift or delay hypertension onset and reduce risk among aging populations.
